A protocol to recover Bacillus anthracis spores from a steel surface using macrofoam swabs was evaluated for its accuracy, precision, reproducibility, and limit of detection. Macrofoam swabs recovered 31.7 to 49.1% of spores from 10-cm 2 steel surfaces with a <32.7% coefficient of variation in sampling precision and reproducibility for inocula of >38 spores.
Thousands of swab samples of Bacillus anthracis spores were taken during investigations of the 2001 bioterrorist events (3, 7, 10, 11, 12, 13) , but no validated protocol was available at the time (8) . The swab protocol used during the incident was modified from swab methods used by the food industry (1), National and Aeronautics and Space Administration (5) , and hospital epidemiologists (4) , but these methods did not involve sampling for spores. A recent study found that macrofoam swabs recover Ն30% more spores than rayon and polyester swabs, premoistening the swab increases recovery by Ն30%, and vortexing the swab recovers Ͼ25% more spores than extraction by sonication (9) .
We evaluated a protocol that recovers spores from steel surfaces with premoistened macrofoam swabs and vortex processing. Steel coupons with 10-cm 2 surface area, as recommended for environmental and medical-device sampling (6), were chosen for their smooth surfaces. Ethanol was used as the inoculation medium in order to spread the spores evenly over the coupon. These conditions may increase the difficulty of removing spores with a swab compared to the removal of weapons grade powder spores. Five analysts from two laboratories performed the protocol, and the data were evaluated to determine accuracy, sampling precision, reproducibility, and limit of detection (LOD).
B. anthracis Sterne 34F2 spores (Colorado Serum, Denver, CO), previously stored in 50% ethanol to prevent germination, were added to 95% ethanol to attain ϳ10 6 spores ml Ϫ1 . This suspension was serially diluted 1:10 in 95% ethanol to attain inocula (I) ranging from 4.0 ϫ 10 0 to 6.0 ϫ 10 4 spores ml
Ϫ1
( Table 1) . For each experiment, 10 to 15 sterile 10-cm 2 steel coupons were placed in glass petri dishes and inoculated with 0.5 ml of the appropriate inoculum of spores, as described previously (9) . Petri dish lids remained partially open as the coupons dried in a biological safety cabinet for 2 h. A macrofoam swab (Critical Swab; VWR, Suwanee, GA; catalog no. 10812-046) was dipped in phosphate-buffered saline plus 0.04% Tween-80 (PBST; pH 7.2), and excess fluid was expressed from the head. The swab was swept in horizontal, vertical, and diagonal sweeps to cover the coupon during each orientation. The swab was vortexed in 5 ml PBST for 2 min at 10-s intervals (V1), placed into a second tube of PBST, and vortexed again (V2).
Ten sampled and 10 unsampled coupons were processed to determine the number of spores left after swabbing (L) and recovered from inoculated controls (C), respectively. Control coupon tests were performed prior to swab experiments to ensure that spores remained on the coupons during drying. The coupons were sonicated in 20 ml PBST in 600-ml glass beakers for 12 min in a 42-kHz (100-W) ultrasonic bath (Branson Instruments, Danbury, CT) and scraped with a cell scraper (Fisher Scientific) for 1 min.
The number of spores for I, V1, V2, L, and C were determined by culturing suspensions on trypticase soy agar containing 5% sheep blood (SBA; Becton Dickinson, Franklin Lakes, NJ). Suspensions from 10 4 inoculum experiments were serially diluted 1:10 in Butterfield Buffer (Becton Dickinson, Franklin Lakes, NJ), and 100-l aliquots of each dilution were plated on SBA. Five plates per dilution were counted for I (n ϭ 15), and three plates per dilution were counted for V1, V2, L, and C (n ϭ 9). Spores from 10 2 and Յ10 1 inocula were enumerated by filtering suspensions of 2.5 ml (n ϭ 2) and 5 ml (n ϭ 1), respectively, through a 47-mm mixed-cellulose-ester membrane (0.45-m pore-size) microfunnel (Gelman Sciences, East Hills, NY) with low vacuum pressure (Ͻ10 mm Hg). The filter funnels were rinsed with 20 ml PBST, and the membranes were placed on SBA. All plates were incubated at 35°C overnight, and the CFU were counted. The mean inoculum (CFU ml Ϫ1 ) was multiplied by the volume inoculated (0.5 ml) to determine I. For 10 4 inocula, the mean CFU ml Ϫ1 was calculated and multiplied by 5 and 20 ml to calculate swab V1 and V2 and coupon L and C values, respectively. The values V1 and V2 were added to calculate the total number of spores recovered (R). The value R was determined using CFU from one or two membranes when I was Յ10 1 and when I was equal to 10 2 spores, respectively. Accuracy, defined as the percent recovery (%R) of total spores recovered (R) from inocula (I), for all analysts at an I of Ն38 spores, ranged from 38.0 to 49.1% (n ϭ 105) ( Table 1) . A linear relationship was demonstrated between R and I for all inocula (r ϭ 0.999). Our recovery results were similar to those of other studies, which recovered 43.7% (9) and 42.6 to 47.3% (2) of spores from a smooth surface with a foam swab. In contrast to our study, Buttner et al. (2) premoistened the sampling surface, not the swab. Premoistening the swab or surface may therefore be essential in swab surface sampling.
We accounted for approximately 60% of I: approximately 43.0 percent recovery (% R) and 6 to 10% each left on the swab and coupon. Mean recoveries for V2 and L were 6.2% (Ϯ2.9%; n ϭ 85) and 6.1% (Ϯ4.3%; n ϭ 10) of I, respectively. Similarly, another study found that one vortex extraction recovered 93.4% of spores directly inoculated onto the foam swab (9) , suggesting that ϳ7% of spores may be lost during vortex processing. Spore recovery for control coupons was 101.2% (Ϯ 20.5% standard deviation; n ϭ 10) of I, demonstrating that neither loss of spores nor loss of viability occurs during coupon inoculation and drying. Less than 20% of the spores were therefore left on the swab and coupon during the procedure. The remaining 40% of the spores may be lost inherently during processing or trapped inside the swab or in coupon grooves.
The sampling precision between replicates of the same inoculum was measured by determining the coefficient of variation (CV) for each experimental set for each analyst. The reproducibility of the protocol was measured by determining the CV for each test inoculum, including data from all analysts. The sampling precision and reproducibility CV values were Յ32.7% for an I of Ն38 spores (Table 1) .
Fifteen coupons were sampled at three low inocula to determine the LOD. Fifteen 0.5-ml aliquots of the inoculum were plated directly onto SBA to determine the I of these low spore numbers. Spores were recovered from 11 and 13 of 15 coupons inoculated with 4 and 6 CFU 10 cm Ϫ2 , respectively, which is comparable to the LOD for a foam sponge kit at 42 to 100 CFU m Ϫ2 (2). The lowest inoculum at which R was Ն1 for all replicate coupons, however, was 12 CFU 10 cm Ϫ2 . If we define the LOD to be the lowest concentration of inoculum at which at least one spore (R Ն 1) is cultured from Ն90% of all experimental replicates, then the LOD for this protocol is 12 CFU cm Ϫ2 (Table 1 ). The %R, however, was decreased at these lower inocula, and precision and reproducibility CV values were Ն57.9% (Table 1) .
The premoistened macrofoam swab protocol for recovery of B. anthracis spores will be used as a model for an interagency surface-sampling study. The results from this study will be used to set acceptable values for validation criteria. Low CV for recovery values when I is Ն38 CFU cm Ϫ2 suggest that this swab protocol is precise and reproducible for surface sampling at these expected spore numbers. Further evaluation of the protocol, however, is needed to optimize the recovery of lower numbers of spores, which may be expected during evaluation of surface samples after decontamination from a bioterrorism event. The protocol will also be tested to determine its efficiency in the presence of competing microorganisms and environmental inhibitors and on various surface compositions.
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